Convergence of semigroups which do not converge in the Trotter-KatoNeveu sense is considered. [46] ) states that a sequence {T n (t) : t ≥ 0}, n ≥ 1, of equibounded semigroups ( T n (t) ≤ M ) converges strongly and almost uniformly with respect to t ∈ R + := [0, ∞) iff their resolvents R λ,n converge strongly and the image Range R λ of the limit pseudoresolvent is dense in the Banach space L they act in.
1. Introduction. The classical Trotter-Kato-Neveu theorem ( [23] , pp. 44-46, [34] , p. 502, [55] , p. 269, [48] , p. 87, [20] , p. 83, [46] ) states that a sequence {T n (t) : t ≥ 0}, n ≥ 1, of equibounded semigroups ( T n (t) ≤ M ) converges strongly and almost uniformly with respect to t ∈ R + := [0, ∞) iff their resolvents R λ,n converge strongly and the image Range R λ of the limit pseudoresolvent is dense in the Banach space L they act in.
If L ′ := Range R λ = L, the assertion of the theorem remains valid for f ∈ L ′ ( [38] , [16] , [23] , p. 34, or [10] [11] ), but in general for f ∈ L ′ the limit lim n→∞ T n (t)f may exist neither in the strong nor in the weak topology ( [9] , p. 319). This is due to the fact that the convergence of the resolvents of the semigroups {T n (t) : t ≥ 0} alone is equivalent to the convergence of Lipschitz continuous once-integrated semigroups Ì t 0 T n (s) ds, rather than the semigroups themselves ( [38] , p. 29, Prop. or [11, 15] ), or as noted by J. Kisyński (personal communication), to the convergence of all sequences of the form Ì ∞ 0 φ(t)T n (t)f dt where φ ∈ L 1 (R + ) and f ∈ L (cf. also [8] , Th.
4.1, and Th. 3 below).
On the other hand, a considerable number of instances of semigroups have been found converging for all f ∈ L in spite of the fact that L ′ = L ( [9] [10] ). No source of this phenomenon, general enough to cover all important examples, seems to be known; in [9] [10] different arguments were used for each case separately. The similarity of this phenomenon to the loss of regularity during the process of convergence, as studied e.g. in [1-3, 14, 27, 53] , is merely superficial, for the phenomenon in question is not related to weaker stability conditions, the semigroups remaining equibounded, but to the sole fact that L ′ = L. The limit semigroup fails to belong to either of the known classes of semigroups, as presented in [32] , since the domain of its infinitesimal generator is not dense in L (however, compare [9] with [12, 19, [41] [42] [43] ). Our knowledge of general properties of such a convergence is also rather limited.
This paper aims at answering some related questions. First of all, we prove that if the convergence holds for all f ∈ L ′ , then it is almost uniform in (0, ∞) (Proposition 2). Furthermore, we provide a necessary and sufficient condition for the existence of such a limit in terms of Abel summability (Proposition 3), and a natural sufficient condition for semigroups in question to be equidifferentiable (Proposition 4), which, thanks to Pazy's characterization of generators of differentiable semigroups, can be expressed in terms of the resolvents of {T n (t) : t ≥ 0}. Since the convergence of the resolvents of semigroups is necessary for the convergence of the semigroups, this gives a complete characterization of the convergence of equidifferentiable semigroups.
Section 3 is devoted to applications to the convergence of ergodic averages and asymptotic stability of bounded semigroups. It is shown that, in contrast to convergence in the Trotter-Kato-Neveu sense, theorems concerning the almost uniform (in t ∈ (0, ∞)) convergence of semigroups can be applied to prove results on the asymptotic behaviour of the semigroups, such as asymptotic stability or asymptotic decay.
For instance, it is proved that the existence of the limit lim t→∞ T (t)f for a holomorphic semigroup {T (t) : t ≥ 0} is equivalent to the existence of lim ε→0 ε(ε − A) −1 f where A is the generator of the semigroup. Throughout the paper it is assumed that approximating semigroups and the limit semigroup act in the same Banach space. Although such a setting is not customary in approximation theory (see e.g. [48] , p. 94), it fits well the applications presented in Section 3. It was chosen for simplicity with the hope that the reader will himself look for straightforward generalizations when needed.
2.
The main results. Suppose we are given a sequence of equibounded semigroups {T n (t) : t ≥ 0}, T n (t) ≤ M, with respective generators A n , acting in a complex Banach space L. Assume furthermore that
This is equivalent to the apparently weaker assumption that the above limit exists for a fixed λ with Re λ > 0 (see e.g. [48] , p. 87, Th. 4.3). We are interested in convergence of {T n (t) : t ≥ 0} (not necessarily almost uniform in R + ).
respectively, and the same limit pseudoresolvent
where A is the generator of {T (t) : t ≥ 0}. On the other hand, however,
while the corresponding limit of {S n (t) : t ≥ 0} exists only on L ′ × {0}.
Thus, by taking the limit of the resolvent we loose information, at least partially. The operator A in the Banach space L of all convergent sequences (f n ) n≥1 , f n ∈ L, defined by [35, 38] 
provides us with much more data. The space L is equipped with the usual
It can be checked that
Thus, by equicontinuity of {T n (t) : t ≥ 0} we have
The operator A is therefore closed, and by the Arendt theorem [4] (see also [11, 13, [41] [42] [43] for simple alternative proofs), it is the infinitesimal generator of a Lipschitz continuous integrated semigroup {U(t) : t ≥ 0}. One can prove that
Furthermore, the operator A 0 , the part of
Observe that the ranges above do not depend on λ with Re λ > 0. The straightforward proof of these facts may be found in [11] .
The following theorem was proved in [12] .
′ ⊂ L be a subspace and {T 0 (t) : t ≥ 0} be the strongly continuous semigroup acting in L ′ generated by A 0 , the part of A in L ′ . The following statements are equivalent:
(ii) for all f in a dense subset of L and t > 0 the limit
exists, (iii) the above limit exists for all f ∈ L, (iv) for all f ∈ L, λ > 0, and t > 0,
Proposition 1. The semigroups {T n (t) : t ≥ 0} converge for all f ∈ L iff for the operator A defined by (2.2) there exists a semigroup {T (t) : t ≥ 0}, acting in L, described in Theorem 1.
and, by injectivity of the Laplace transform,
It is evident that T (t+s) = T (t)T (s) and Fix (f n ) n≥1 ∈ L and let f = lim n→∞ f n . The vectors T 0 (w)f where w is rational form a dense set in Z = {g ∈ L : g = T 0 (t)f, t > 0}. Let Z be the set of all sequences (f n ) n≥1 which are ultimately constant of the form T 0 (w)f and initially of the form f n = T n (w n )f n , where the w n are rational.
Note that Z is countable and that its closure contains the set W = {(h n ) n≥1 : (h n ) n≥1 = T (t)(f n ) n≥1 , t > 0}. Indeed, for t, ε > 0 there is n 0 ∈ N such that for n > n 0 , T n (t)f n − T 0 (t)f < ε. Consequently, there is a rational w such that T n (t)f n − T 0 (w)f < ε for n ≥ n 0 , and since we may find rational numbers w 1 , . . . , w n 0 such that
and the proposition follows.
′ for all f ∈ L and t > 0.
P r o o f. This follows directly from (2.5) and Proposition 1.
The semigroup {T (t) : t ≥ 0}, being measurable, is strongly continuous for t > 0, and thus uniformly continuous on any compact subinterval of (0, ∞). The same applies to {T 0 (t) : t ≥ 0}. Fix f ∈ L and r > 1. For any ε > 0, there exists a δ such that
whenever |s − t| < δ and 1/r ≤ s, t ≤ r. Therefore, for such s, t and all n ≥ 1 we get, recalling that
, there exists an i such that |s i − t| < δ. Since one can choose an n 0 such that sup i 
Analogously, the last assertion of the proposition follows from the fact that the semigroups {T (t) |L ′ : t ≥ 0} and {T 0 (t) |L ′ : t ≥ 0} are strongly continuous for t ≥ 0.
Thus, in all the examples presented in [9] [10] , the limit is actually almost uniform in t ∈ (0, ∞). In some cases, like the generalized telegraph equation with small parameter, this result is not easily seen from the original arguments as presented in [9] . Example 2. Suppose that A is a closed operator such that
where {T (t) : t ≥ 0} is a semigroup of equibounded operators, measurable yet in general discontinuous at 0. Consider the Yosida approximation e
Since the semigroup {T (t) : t ≥ 0}, being measurable, is strongly continuous for t > 0 ( [32] , p. 305, Th. 10.2.3), it follows from [32] , Th. 6.3.3 (or [49] ) that lim λ→∞ e A λ t f = T (t)f, and the limit is almost uniform in t ∈ (0, ∞).
A special case of a semigroup generated by a sectorial operator was considered in [10] ; the proof was based on an approximation theorem for uniformly holomorphic semigroups given in [9] (see Proposition 5 below).
Proposition 3 (cf. [37] , p. 359, Lemma 2.11). Suppose that (2.1) holds. The sequences (T n (t)f ) n≥1 converge for all f ∈ L iff the semigroups {T n (t) : t ≥ 0} are uniformly Abel summable for t > 0 in the sense that
P r o o f. We first prove the "if" part. Let A be defined by (2.2). Since
(see Theorem 1), (2.7) implies that the limit (2.4) exists for constant sequences. Furthermore, the sequences converging to 0 belong to L ′ and thus satisfy an even stronger condition:
which follows from the strong continuity of {T 0 (t) : t ≥ 0} on L ′ . Therefore, (ii) of Theorem 1 is satisfied because the constant sequences and sequences converging to 0 form a dense subset of L. Theorem 1 and Proposition 1 complete the proof of the "if" part.
Conversely, if (T n (t)f ) n≥1 converges for t > 0 and f ∈ L, then, by Proposition 1, the family {T (t) : t ≥ 0} where
is the semigroup generated by the operator A in the sense of Theorem 1.
and, by (2.8), the existence of the limit (2.4) (in the space L equipped with the supremum norm) implies that the convergence is uniform in n ∈ N.
Note that if (2.7) holds for any fixed t 0 > 0 then it holds for all t > t 0 , but not necessarily for t < t 0 . This explains to some extent how discontinuity at t = 0 of the limit semigroup comes into existence.
A few remarks on differentiable semigroups are now in order since our next proposition is devoted to the convergence of equidifferentiable semigroups. Recall that the semigroup {T (t) : t ≥ 0} generated by an operator A is said to be differentiable iff T (t)f ∈ D(A) for all f ∈ L and t > 0. Differentiable semigroups were studied e.g. by Hille [31] , Yosida [54] , and Pazy [47] (see also [48] , p. 57, Th. 4.8), who gave necessary and sufficient conditions for an operator A to generate a differentiable semigroup.
Furthermore, there exists a close connection between differentiable semigroups and the well-known class of analytic semigroups: any holomorphic (analytic) semigroup is differentiable, and a differentiable semigroup is analytic iff there exists a constant C > 0 such that AT (t) ≤ C/t for all t > 0 ( [48] , p. 61, Th. 5.2). Let us also mention the recent paper by M. Renardy [50] who presented an interesting example showing that the class of differentiable semigroups is not stable under bounded perturbations. The paper [21] is devoted to the same subject.
The necessary and sufficient conditions for an operator A to generate a differentiable semigroup, due to A. Pazy, are presented in the following theorem.
Theorem 2. Let A be the infinitesimal generator of a strongly continuous semigroup {T 0 (t) : t ≥ 0} satisfying T 0 (t) ≤ M. The semigroup is differentiable iff for all b > 0 there exist constants a b ∈ R and C b > 0 such that
Corollary 2. Let A satisfy (2.3). If the semigroup {T 0 (t) : t ≥ 0} generated by the operator A 0 is differentiable then the semigroup {T (t) : t ≥ 0} described in statement (i) of Theorem 1 exists.
′ , it is obvious that our assumptions imply statement (iv) of Theorem 1, and the corollary follows.
Proposition 4. If the semigroups {T n (t) : t ≥ 0} are equidifferentiable in the sense that for all b > 0 there exist constants a b ∈ R and C b > 0 such that for all n ∈ N,
then (2.1) holds iff lim n→∞ T n (t)f exists for all t > 0 and f ∈ L. Furthermore, for f ∈ L ′ = Range R λ the limit is almost uniform in t ∈ [0, ∞).
it is evident that (2.1) is necessary for the convergence of T n (t).
Conversely, suppose that (2.1) holds. The "only if" part consists of 3 steps.
Step
(1/3) k being a majorant to the series on the right-hand side. This implies the convergence of R λ 0 ,n , since Re λ 1 > 0.
Accordingly, setting
we get a bounded operator in L, with R λ 0 ≤ C b |Im λ 0 |, which is both the right and left inverse of λ 0 − A.
Step 2. For λ ∈ S b and (f n ) n≥1 ∈ D(A),
Since A is closed, the set Range(λ − A) is closed (see e.g. [23] , p. 11, Lemma 2.2). Suppose λ n → λ, λ n ∈ S ′ n , λ ∈ S b . We need to prove that λ ∈ ̺(A). By (2.12) it is enough to show that Range(λ − A) is dense in L and, thus, it equals L.
For g ∈ L put g n = (λ n − A) −1 g to obtain (cf. [23] , p. 12)
which completes the proof.
Step 3. By Steps 1 and 2, S b ⊂ ̺(A) for all b > 0 and (2.14)
Since the operator A 0 , the part of
|L ′ , Theorem 2 and the estimate (2.14) prove that the semigroup generated by A 0 is differentiable. By Corollary 2, for the operator A defined by (2.2) the semigroup described in Theorem 1(i) exists. Proposition 1 completes the proof.
Proposition 5 ( [9] , Proposition 4). Let {T n (t) : t ≥ 0} be strongly continuous equibounded semigroups with T n (t) ≤ M . Suppose that they are uniformly holomorphic, i.e. the resolvent sets of the corresponding infinitesimal generators contain not only the half plane Re λ > 0 but also a sector |arg λ| < π/2 + ω where ω > 0, and that, for any δ > 0,
with ω independent of n and M δ independent of λ. Then T n (t) converges for f ∈ L and t > 0 iff (2.1) holds. 
The semigroup generated by A 0 is therefore holomorphic (see e.g.
[34], p. 488, or [48] , p. 60) and, in particular, differentiable. Thus, the arguments at the end of Proposition 4 can be applied.
Remark 1. One can prove the above proposition by using the explicit formula for {T n (t) : t ≥ 0}, i.e. by employing the Dunford integral-this was done in [9] . One may also obtain it as a corollary of Proposition 4 by proving that uniformly holomorphic semigroups are equidifferentiable. Note, however, that while the last idea seems to be natural, the calculations it leads to, though straightforward, are rather long.
Convergence theorems and asymptotic analysis.
In this section we study the asymptotic behaviour of semigroups, as viewed from the standpoint of the related approximation theory briefly presented in the foregoing part of the paper. First of all, note that in dealing with the asymptotic behaviour of a semigroup {T (t) : t ≥ 0} of equibounded operators it seems natural to use the sequence {T n (t) : t ≥ 0} of semigroups defined by
as a tool allowing the use of approximation theorems for semigroups. However, this idea fails to be fruitful if we restrict ourselves to applications of the Trotter-Kato-Neveu-Kurtz theorem. (We add Kurtz's name here since he was, to the best of our knowledge, the first to mention the effect of the convergence of the integrals Ì t 0 T n (s)f ds even when the semigroups themselves do not converge, as described in Theorem 3 below-see [38] , p. 29.) The reason is that, as will become clear from the proof presented below, the Trotter-Kato-Neveu-Kurtz theorem may be viewed as a special case of Proposition 6 (below) plus a density argument leading to the convergence of the semigroups themselves; Proposition 6 states that the Laplace transforms of a sequence of equibounded functions converge iff the functions converge in the mean. In the case of the semigroups (3.1) the density argument works only for the kernel of the generator of the semigroup {T (t) : t ≥ 0} and is of little use. Therefore, the Trotter-Kato-Neveu-Kurtz theorem leads only to mean ergodic theorems.
On the other hand, the theorems presented in the preceding section turn out to be of different nature and when applying them we can use the semigroups (3.1).
Proposition 6. Let F n (t) be equibounded measurable functions defined on [0, ∞) with values in a Banach space L. The following are equivalent:
, all the conditions above are equivalent to the strong convergence of the equibounded operators S n :
Remark 2. Since lim n→∞ Ì t 0 F n (s) ds are Lipschitz continuous with the same constant the limit in (ii) is almost uniform in [0, ∞) and the limit function is Lipschitz continuous as well.
Both the above proposition and its proof are actually special cases of [29] , pp. 166-168. Theorems of this type are generally ascribed to C. Lizama [40] , yet Lizama's Theorem 1.2 is a special case of Lemma 2.11 in the wellknown paper by T. G. Kurtz [37] (if the boundedness assumption in the lemma is replaced by that of exponential growth, which is of no importance for the proof; see also [14] , Proposition 1, for a more handy version). It is also interesting to compare Kurtz's result mentioned in the introduction ( [38] , p. 29, Proposition 2.22) with Arendt's theorem on generation of onceintegrated Lipschitz continuous semigroups (cf. [11] ). Theorem 3. Let {T n (t) : t ≥ 0} be equibounded semigroups. For fixed f ∈ L, the following conditions are equivalent:
Moreover, the semigroup of right translations in
The last expression tends to 0, since T n g → T g and the φ t ∈ L 1 (R + ) (t ∈ [0, t 0 ]) form a compact set. By a continuity argument, the convergence holds on the whole of L ′ . Conversely, if lim n→∞ T n (t)f =: u(t) exists almost uniformly in t ∈ [0, ∞), then u is continuous, u(0) = f, and
Remark 3. One can show that φ → T (φ) is a representation of the convolution algebra L 1 (R + ) in the algebra of bounded operators on the Banach space which consists of those f ∈ L for which the limits (ii) above exist. Therefore, according to the theorem due to Hewitt et al. [17-18, 28, 30] , R = R, and the density argument used at the end of the proof of Theorem 3 is redundant. We have avoided using the result mentioned above to make the proof as elementary as possible.
Proposition 6 also yields a simple mean ergodic theorem which we now prove.
Proposition 7. Suppose F : [0, ∞) → L is bounded and measurable. The following are equivalent:
One may apply Proposition 6 directly to F n (t) = F (a n t) where a n → ∞ and establish equivalence of (i)-(iii) by straightforward calculations. Let us, however, quote Davies ( [20] , p. 123): "Equivalence of (i) and (ii) is established by noting that each implies that lim λ→0 λ
, by density argument" (cf. the proof of Proposition 6).
Example 3 ( [20] , p. 123). If {T (t) : t ≥ 0} is a semigroup of equibounded operators, then, for every f ∈ L, the function F (t) = T (t)f is bounded and measurable, and therefore, the limit lim λ→0 λ
For a discussion of convergence rates in ergodic theorems for semigroups see [25] .
Example 4 (cf. [22] ). Suppose T is a power-bounded operator in L (i.e. sup n∈N T n < ∞), and define the L(L, L)-valued function by F (t) = T [t] (see [6] , p. 22) where [·] is integer part. The function F is bounded and
F (s) ds
This proves, by Proposition 7, that lim n→∞ (I + T + . . .
. A parallel result in the strong topology is established in the same way. The condition corresponding to (iii) of Proposition 7 is that the limit
Now, let {T (t) : t ≥ 0} be a continuous semigroup of equibounded operators with infinitesimal generator A. Define the semigroups {T n (t) : t ≥ 0} by (3.1). The corresponding infinitesimal generators A n and resolvents are given by
Lemma 1 (cf. [20] , Th. 5.1, p. 123). Under the above assumptions and notations, the subspace L ′ defined in Theorem 3 equals Ker A.
The operator A is closed. Thus, since g n := 
it follows that f ∈ D(A) and Af = 0; to prove that Ker A ⊂ L ′ is equally simple. Finally, since Ker A is closed and L ′ is the closure of the linear span of {f : f = T (e λ )g}, the proof is complete.
Proposition 8. For fixed f ∈ L, the following limits exist simultaneously:
Furthermore, g = h.
P r o o f. For (ii) and (iii) the conclusion follows from (3.3) and Theorem 3. Let (i) exist. Then, for each t > 0,
Conversely, let (ii) exist and let t = [t] + t ′ . We have
T (s)f ds;
Our results show that concerning the existence of the limit lim n→∞ T (t)f, all we can get using (3.1) and the Trotter-Kato-Neveu-Kurtz theorem is Proposition 8 above; indeed, by Lemma 1, in this case L ′ = Ker A, and therefore besides the convergence of the averages
T (s)f ds one obtains merely the trivial information that lim n→∞ T (t)f exists when f is a fixed point of the semigroup. We have, however, the following proposition.
Proposition 9. Let {T (t) : t ≥ 0} be a semigroup of equibounded operators generated by an operator A. The following two statements are equivalent:
(i) for all f ∈ L the limit lim t→∞ T (t)f exists, (ii) the semigroups {T n (t) : t ≥ 0}, where T n (t) = T (nt), converge on L almost uniformly in t ∈ (0, ∞).
Furthermore, if (i) or (ii) holds, then there exists a projection P : L → L ′ = Ker A (cf. [20] , p. 123, Th. 5.1, [23] , p. 39, Lemma 7.3), and the semigroup T 0 (t)f := lim n→∞ T n (t)f is given by T 0 (t)f = P f. P r o o f. Since (i)⇒(ii) is immediate it is enough to prove the converse. By Lemma 1, L ′ = Ker A. It is evident that for all f ∈ L ′ , T (t)f = f and T 0 (t)f = f. Take t 0 > 0 and let t = nt 0 + t ′ where 0 ≤ t ′ < t 0 . Since, by Corollary 1, T 0 (t 0 )f belongs to L ′ , we get f ′′ . For every ε > 0, the operator A ε is the infinitesimal generator of a positive and holomorphic contraction semigroup {S ε (t) : t ≥ 0} acting in L, and, furthermore ( [9] , (2.26)),
where H(z) = (z − 1)/(z + 1). Observe that for f ≡ 1 we have
which means that lim λ→0 (λ − A ε ) −1 f ≡ 0 on a dense subset of L and therefore on the whole of L. Thus, by Proposition 10, lim t→∞ S ε (t)f = 0, in agreement with the probabilistic interpretation of the semigroups {S ε (t) : t ≥ 0}, ε > 0 ( [33] , p. 45 ). An analogous argument shows that the semigroup {S(t) : t ≥ 0} related to the reflecting Brownian motion ( [33] , p. 40), i.e. the semigroup generated by the operator A with D(A) = {f ∈ L : f ′′ ∈ L, f ′ (0) = 0}, satisfies lim t→∞ S(t)f = P f where P is the projection onto the one-dimensional subspace generated by f 0 ≡ 1, given by P f (·) = lim t→∞ f (t).
Let us also mention here the paper [39] where the asymptotic stability of semigroups acting in spaces of continuous functions was considered.
Let us remark that Proposition 10 cannot be extended to the case when {T (t) : t ≥ 0} is differentiable without making additional assumptions on the spectrum of its generator. This is shown by the simple example of the semigroup T (t)z = e it z acting in C. Furthermore, our Proposition 10 is worth comparing with the well-known result appearing e.g. in [48] , p. 118, stating that if A is the generator of a holomorphic semigroup {T (t) : t ≥ 0} and sup{Re λ : λ ∈ σ(A)} < 0, then {T (t) : t ≥ 0} decays exponentially (see [52] for an extension of this result). Our theorem states in particular that if for a holomorphic semigroup condition (iii) of Proposition 8 is satisfied and additionally Ker A = {0}, then lim t→∞ T (t)f = 0, but in general the decay is not exponential.
A few remarks on the relation to the generalization of the theorem of Sklyar and Shirman [51] , obtained independently by Lyubich and Phóng [44] and Arendt and Batty [5] (see also [6] [7] for recent results in this field) are also in order. Sklyar and Shirman have proved that if the spectrum of a bounded and dissipative operator A has at most countable intersection with the imaginary axis and A * has no imaginary eigenvalues, then lim t→∞ e tA f = 0, and in [5, 44] this result has been extended to the case when A, instead of being bounded and dissipative, is the infinitesimal generator of a semigroup of equibounded operators. Of course, our assumptions imply that the spectrum of the generator A intersects the imaginary axis in at most one point, but the rest of the Sklyar-Shirman-Lyubich-Phóng-Arendt-Batty assumptions are not satisfied, as seen e.g. from the example of the semigroup related to the reflecting Brownian motion, mentioned in Example 3 above.
Furthermore, let us recall that, according to [20] Proposition 9. If {T (t) : t ≥ 0} is a holomorphic semigroup of equibounded operators acting in a reflexive Banach space L, then for all f ∈ L the limit lim t→∞ T (t)f exists.
A number of examples of analytic semigroups acting in reflexive Banach space can be found in the recent paper [24] , and many others can be constructed by using semigroups generated by bilinear forms, as presented e.g. in [36] .
